Introduction: Traumatic brain injury (TBI) is an important issue in the emergency department. In the United States, the American College of Emergency Physicians (ACEP) published clinical guideline to select patients with mild head injuries for head computed tomography (CT) scans in 2008. The aim of this study was to identify the possible benefits of compliance with these guidelines for mild head injury patients in Taiwan. Method: This was a secondary analysis on our previous study published for association of hypertension and head injuries. In our previous study, we collected data about 1290 patients with head injuries who received brain CT scans in the emergency department from September 2012 to August 2013 for a study regarding the association between head injury and hypertension. In present study, we subjected this data to further analysis to try to validate the ACEP clinical policy for mild head injuries. Results: Of these 1,290 patients, 154 were found to have brain haemorrhage on the initial brain CT scan, and 5 were in need of neurosurgical intervention. A total of 859 patients met the ACEP guideline criteria, and 117 of these had brain haemorrhages. The sensitivity and specificity of the ACEP guideline to predict brain haemorrhage were 75.97% (95% confidence interval [CI], 68.44% to 82.48%) and 34.68% (95% CI, 31.91% to 37.53%), respectively. In predicting neurosurgical intervention, the sensitivity and specificity of the guideline were 100% (95% CI, 47.82% to 100%) and 33.54% (95% CI, 30.96% to 36.2%), respectively. Conclusion: Although adoption of the ACEP clinical policy may reduce the number of brain CT scans in mild head injury patients who may need neurosurgical interventions, it is not a good selection tool in Taiwan. (Hong Kong j.emerg.med. 2017;24:73-78) 
Introduction

Traumatic brain injury (TBI) is an important issue in the Emergency Department (ED).
In the United States, the Communicable Disease Center (CDC USA) reported that about one-third of the deaths of trauma patients were due to TBI. 1 TBI not only results in death for trauma patients, but it also carries the risk of functional loss and has an emotional impact. In a study regarding TBI patients who were admitted for acute inpatient rehabilitation, about one-third were not independent in daily activities and 29% were dissatisfied with life. 2 Traditionally, the severity of TBI patients was based on the Glasgow Coma Scale (GCS) score; however, the evaluation of specific anatomical lesions requires other tools. The brain computed tomography (CT) scan is now the most common tool used to identify intracranial lesions in TBI patients. The brain CT can be easily accessed in most hospitals, but radiation is a risk for patients. It has been recommended that all moderate and severe TBI patients have a brain CT scan, 3, 4 but for patients with mild TBI, the choice of a brain CT scan is more complex. In order to select patients with mild TBI and either an episode of loss of consciousness or post traumatic amnesia for a brain CT scan, the New Orleans Criteria and the Canadian CT Head Rule were introduced and proved to have high sensitivity for neurosurgical interventions. [5] [6] [7] [8] The failure to exhibit a loss of consciousness or post traumatic amnesia does not exclude patients from the risk of intracranial lesions, so the American College of Emergency Physicians (ACEP) published clinical guideline to select patients with mild head injuries for head CT scans; these included patients without loss of consciousness or post traumatic amnesia. [9] [10] [11] In Taiwan, most of the medical expenses are covered by government health insurance, and people who suffer from head injury are usually required to undergo examinations to ensure that there is no significant lesion. In addition, any medical malpractice or unexpected poor outcome is usually highlighted and treated in an unfriendly way by the media and the general population, even in cases of inevitable risk.
Currently, there are no clinical guidelines approved by the government health department, government health insurance, or medical disciplines in Taiwan, so that physicians tend to do more examinations to avoid missing minimal lesions. Since the ACEP clinical policy covers patients with mild head injuries with and without loss of consciousness or post-traumatic amnesia, it could be applicable for patients who suffer a head injury in Taiwan. The aim of this study was to identify possible benefits of compliance with this guideline for our head injury patients.
Methods
Our hospital is a university-affiliated hospital located in mid Southern Taiwan, with a full time operating room and neurosurgeons and a total of about 1,300 beds including 100 beds in the intensive care unit.
There are approximately 70,000 visits to our ED each year and about 15% are trauma patients. During September 2012 to August 2013, we conducted a study focused on the association between hypertension and abnormal brain CT finding in head injury patients, and the results have been published. 12 In this study, we used data collected from previous study for further analysis to evaluate the performance of the ACEP CT guideline for mild head injuries. ACEP guideline consisted a level A recommendation and a level B recommendation. Level A recommendation suggested head CT if head trauma patients had loss of consciousness or posttraumatic amnesia, plus one of the conditions: headache, vomiting, old age (>60 year-old), physical evidence of trauma above clavicle, physical sign of basilar skull bone fracture, GCS score less than 15, focal neurologic deficit or coagulopathy. Level B recommendation suggested head CT if head trauma patient didn't have loss of consciousness or posttraumatic amnesia, but had a focal neurologic deficit, vomiting, severe headache, old age ( 65 yearold), physical signs of a basilar skull bone fracture, GCS score less than 15, coagulopathy, or a dangerous trauma mechanism. A dangerous trauma mechanism was defined as ejection from a motor vehicle, a pedestrian struck, or fall from a height or more than 3 feet or 5 stairs. The inclusion criteria of ACEP guideline were: non-penetrating trauma of head, presenting to ED within 24 hours, a GCS score 14 or 15 on initial evaluation in the ED and age 16 or greater. The exclusion criteria of ACEP guideline were penetrating injury, multiple trauma, a GCS score less than 14 on initial evaluation in the ED and age less than 16 years.
During September 2012 to August 2013, all head injury patients with a brain CT examination performed in the ED, except those who had episodes of loss of vital signs were included prospectively in our previous study. 12 From data collected in our previous study, we selected patients who met the inclusion criteria of ACEP guideline for analysis. We excluded patients who met the exclusion criteria of ACEP guideline except those with multiple traumas. We collected variables by reviewing their medical charts; these factors included age, gender, trauma mechanisms, symptoms, Glasgow Coma Scale scores (GCS), physical and neurologic findings, image study reports, laboratory reports, surgical interventions and survival status. In order to evaluate their correlation with initial brain CT scan findings, all images and laboratory reports were based on the first studies obtained in the ED. The decision to order a brain CT scan was based on clinical judgment, and CT scan reports were those read by a radiologist. No strict rules for ordering a brain CT scan were in place in our institution during the study period. Coagulopathy was defined as a prothrombin time test (international normalised ratio; INR) result greater than 1.5. Thrombocytopenia was defined as a platelet count less than 100,000/uL. The GCS score was the initial assessment in the ED. Because our data were based on chart review, and ACEP guideline was not required to order a brain CT scan in our ED, not all headaches were rated for severity in the charts; therefore, we considered any patients with headache to have met ACEP guideline for purposes of this study. When the patient can't recall the trauma episode and there was no witness at the scene, it was difficult to distinguish between initial loss of consciousness and post-traumatic amnesia. Thus, the number of patients with loss of consciousness and post-traumatic amnesia were grouped together for analysis.
Our primary outcome was intracranial haemorrhage on the initial brain CT scan, and the secondary outcome was a need for a neurosurgical intervention except placement of an intracranial monitor. Descriptive statistics included means and proportions. Differences between patients with and without intracranial haemorrhage on the initial brain CT scan were assessed using the χ 2 for categorical variables. The independent t-test was used to evaluate differences in continuous variables between the two groups of patients. Performance of the ACEP guideline in predicting outcomes of our patients was assessed by sensitivity and specificity.
All statistical assessments were two-tailed. Differences with p<0.05 were considered statistically significant. Statistical analyses were performed using SAS version 9.2 (SAS institute).
The study was approved by the Institutional Review Board of our hospital (#101-3336C).
Results
Of the 1,290 patients enrolled in the study, 154 were found to have brain haemorrhage on the initial brain CT scan, and 5 were in need of neurosurgical interventions. Patient characteristics are shown in Table  1 . A significantly higher percentage of patients with GCS 14, dangerous trauma mechanisms, vomiting, physical evidence of trauma above the clavicle, signs of basal skull fracture and thrombocytopenia were found in those with brain haemorrhage identified by the initial brain CT scan (all p<0.05). The findings on the initial brain CT scans are shown in Table 2 .
Of the 859 patients who met ACEP guideline criteria, 117 had brain haemorrhages. The sensitivity and specificity of the ACEP guideline in predicting brain haemorrhage were 75.97% (95% CI, 68.44% to 82.48%) and 34.68% (95% CI, 31.91% to 37.53%), respectively (Table 3 ). In terms of predicting neurosurgical intervention, the sensitivity and specificity were 100% (95% CI, 47.82% to 100%) and 33.54% (95% CI, 30.96% to 36.2%), respectively.
Discussion
Although there were studies validating brain CT guidelines for mild TBI patients, this study provided evidence about the issue regarding TBI patients in Taiwan. Utilisation of the ACEP guideline could have reduced by one-third the number of patients who had a brain CT scan without missing any who were in need of neurosurgical intervention. As a tool to identify patients with intracranial haemorrhage, the sensitivity was only 75.97% as it failed to identify one-fourth of these patients. As such, it would not be a good screening tool for CT scans in patients with minor head trauma in Taiwan. The increased sensitivity could identify more patients with intracranial lesions but would not change their treatment since many of them had minimal intracranial haemorrhage.
In a study in the US, agreement between routine care and adherence to the 2008 ACEP guideline was 77.5%, but there was no change in CT use. 13 This was quite different from our data. In a study in Switzerland of reports from emergency physicians who ordered brain CT for patients with minor head injuries, 58% declared that it was based on the guidelines.
14 Among all emergency physicians in that study, 50% said that they had a feeling of "fear of missing of a traumatic intracranial lesion", 21% of "fear of being sued" and 8% of "pressure from the patient or his relatives". These could be the reasons that emergency physicians did LOC=Loss of consciousness; BP=blood pressure; ED=emergency department; GCS=Glasgow Coma Scale; PTA=post traumatic amnesia; SD=standard deviation more brain CT scans than adhered to the guidelines in our study. Although patients had more confidence when a CT scan was performed, they tended to underestimate the radiation exposure and risk. 15 In addition to radiation risks without benefit, patients who received unnecessary CT scans increased the medical cost. Holmes et al found that adherence to the guidelines could reduce costs. 16 Although most medical costs are covered by national health insurance in Taiwan, such unnecessary costs may prevent others from receiving adequate medical care because of the fixed total budget for this program.
Limitations
This study was based on record reviews. For factors not recorded precisely in the chart, we could not determine the details such as intensity of headache. When the record showed only that a headache was present or not, we considered it a "headache" instead of a "severe headache" as one of the criteria for Level B recommendations of ACEP guideline. This adjustment possibly increased sensitivity but decreased the specificity of the screening tool. We included patients with multiple traumas who were excluded by the ACEP guideline because head injury patients may not always present with only a head injury. Our patients were also older than those in previous studies 5, 6 because our hospital is located in a region which had the highest percentage of patients who are older than 65 in Taiwan, 17 so that the patients who visited our ED were also older. Although there were no strict guidelines for ordering a CT scan for mild head injury patients in our hospital, most emergency physicians were aware that older patients were more likely to have intracranial lesions, and tended to order CT scans for them.
Another limitation was that only patients who had a brain CT scan in our ED were included. Patients who suffered head trauma and had an intracranial lesion but never received a brain CT scan for any reason (e.g. pregnancy, or patient refusal) were not included. Although we tended to do more CT scans than the ACEP guideline recommended, and very few patients with intracranial lesions did not have a CT scan, such selection bias should be considered.
Conclusions
Adopting ACEP clinical policy may reduce the number of brain CT scans in mild head injury patients to those who need neurosurgical interventions. We recommend a consensus of government departments and medical disciplines to select guidelines and accept the risk of minimal intracranial lesions without clinical importance to prevent the risk of unnecessary radiation. 
